The most beneficial dietary pattern in managing metabolic syndrome (MetS) in the elderly has not been ascertained. The aim of this study is to classify dietary patterns and to examine associations between dietary pattern, MetS and body composition in elderly Koreans. Methods: This study was conducted among Koreans 65 years or older using data from the Korea National Health and Nutrition Examination Survey in 2009. A total of 1,567 study subjects were included. All statistical analyses were conducted using SPSS version 20.0 and dietary patterns were classified by cluster analysis. Results: There were three dietary patterns derived by cluster analysis in this study. We observed that most South Korean elderly still maintain a traditional dietary pattern. Dietary patterns were classified as balanced (31%), imbalanced (40%), or very imbalanced (30%), with the majority of subjects having an unbalanced diet pattern in which their total energy and nutrient intake was insufficient compared with the Dietary Reference Intake for Koreans. Those in the very imbalanced group had a ratio of macronutrients (carbohydrates:fats:protein) of 81.15:7.18:11.50 and a 54% higher likelihood of having hypertriglyceridemia (P=0.025) compared with those in the balanced group. Conclusion: The current findings indicate that the diets of South Korean elderly are nutritionally imbalanced, including high carbohydrate consumption, which confers a high risk hypertriglyceridemia. These findings highlight the effect of nutritional imbalance in elderly with MetS.
INTRODUCTION
Metabolic abnormalities play a role in the development of chronic disease and have been linked with a cluster of cardiovascular risk factors and body composition changes called sarcopenia in aging. [1] [2] [3] Additional factors associated with metabolic abnormalities are insulin resistance (IR) and chronic low-grade inflammation. 4 For this reason, much research on the metabolic syndrome (MetS) and nutrition focused on intake of carbohydrates and fat. The recent discovery that loss of muscle mass aggravated IR and is associated with an increased incidence of the MetS; many studies considered http://www.jomes.org | 255 nutrient research to diet pattern research, but also the characteristics of each country's diet patterns. Unique dietary patterns may influence the prevalence of chronic diseases. 7 Dietary patterns of South Koreans differ from those of Westerners. Generally, a traditional Korean diet is considered healthier than a Westernized diet.
However, several studies showed that elderly South Koreans have a low intake of major nutrients, and as age increases, nutritional status worsens. 8 In one study, the prevalence of nutritional deficiency was higher in women, rural residents, and the lowest income group. 9 From an epigenetics perspective, lifestyle, nutrient intake and environment could result in DNA changes. 10, 11 Dietary pattern studies have become key tools in the search for ways to prevent MetS.
Several studies have focused on the dietary habits and nutritional status of elderly South Koreans [12] [13] [14] , but few studies have compared
Korean dietary patterns and their role in MetS in elderly South Koreans. 15 The principal objective of this study is to assess dietary patterns among elderly South Koreans in an effort to determine whether dietary interventions may be an opportunity for prevention of MetS in this population.
METHODS

Study subjects
The data for this study was obtained from the nationally representative survey, Korea National Health and Nutrition Examination Survey (KNHANES) in 2009. It was conducted by the Korea Centers for Disease Control and Prevention (KCDC). Among 1,788 eligible subjects aged 65 or older who participated in a health interview survey, health examination survey, and nutrition survey, we excluded subjects (n = 194) for whom there was incomplete information including, health related variables and dietary intake data.
In addition, we excluded those (n = 27) who reported implausibly low or high daily energy intake (<500 or >5,000 kcal/day). The final sample included 1,567 elderly persons (651 men and 916 women). This study protocol was provided by the KCDC, and all subjects participated voluntarily. This study was approved with written informed consent from each subject (No. 2009-01CON-03-2C).
Assessment of dietary patterns
Food items were categorized into 23 food groups by modifying the 18 common food groups in the Korean nutrient database.
Grains such as white rice, brown rice, and their products are a major energy source and staple food in the Korean diet. Almost half of the daily energy intake was from grains among our study subjects;
therefore, grains and their products were further divided into six subgroups: white rice, brown rice, other grains, noodles and dumplings, and flour and bread, pizza and hamburgers. Kimchi was separated into a single food group from the vegetable group 16, 17 because it is traditionally served as a single side dish. the stability of the clusters. After prior analysis, three different clusters were identified and the participants were reassigned to the nearest cluster. This analysis separated individuals into maximally different dietary patterns based on the actual food intake of the population and the percentage of total energy intake from each food group. Several previous studies found that classification into two or three different patterns (clusters) was most suitable for analysis. 16, 18 In the present study, dietary patterns were classified into three different groups (T1, T2, T3) by cluster analysis using the Kmeans algorithm and given descriptive names.
Assessment of MetS
We used the following criteria to define metabolic risk factors: Three measurements were taken on all subjects at 5-minute intervals, and the average of the second and third measurements was used in the analysis. Blood samples were collected in the morning after having fasted for at least 8 hours. Fasting glucose, total cholesterol, and TGs were analyzed in a central, certified laboratory.
Statistical analysis
Statistical analyses were performed using IBM SPSS version 20.0 (IBM Corp., Armonk, NY, USA). Dietary patterns were derived by cluster analysis using the K-means algorithm. Cluster analysis is commonly used to classify individuals into relatively homogeneous groups using the K-means algorithm. Thus, unlike factor analysis, it is used to directly compare distinct groups. The number of clusters was determined using a dendrogram procedure. Three groups were selected to represent the dietary patterns of elderly Koreans. A generalized linear model was used to test for significant differences in mean values of biochemical parameters, anthropometric parameters, and nutrient intake among the dietary pattern groups. Logistic regression was used to calculate odds ratios (ORs) with 95% confidence intervals (CIs) for MetS and dietary patterns. All models were adjusted for age, gender, education, smoking, and physical activity. Statistical significance was accepted at P< 0.05. Table 1 shows food groups (% energy) by dietary patterns. The three different patterns differed based on nutritional balance (T1, T2, and T3). Thirty-one percent of subjects were assigned to the T1 pattern, in which white rice consumption accounted for 35.74%
RESULTS
of total intake with 9.34% from meat, 17.65% from alcohol, 9.43% from pizza, 9.73% from flours, 22.51% from noodles, and 13.81% from dairy products. With the exception of kimchi, seaweed and white rice, the intake of most foods was higher in the T1 group than the others. Thus, we named T1 the balanced pattern. This pattern was characterized by the consumption of a variety of food groups such as other grains, fruit, eggs, fish and milk and appropriate percent ratios of energy intake from the three macronutrients (55%-70%:15%-25%:15%-20%) compared to the KDRIs. The T2 or imbalanced pattern comprised 40% of subjects. This group had more than half of its energy intake from white rice in addition to consuming traditional Korean foods such as vegetables, kimchi, eggs, legumes, seaweed, but no Westernized foods such as pizza and hamburgers. The remaining 31% of subjects were assigned to the T3 or very imbalanced pattern. With the exception of white rice and kimchi, most of this group's food intake was imbalanced compared to the other two patterns.
Mean nutrient intakes by dietary patterns are presented in Table 2 .
There were significant differences in nutrient intake among the three groups with the exception of carbohydrates and vitamin D.
Energy intake was significantly different among the dietary patterns, and the balanced pattern had the highest intake ( Table 4 . Members of the very imbalanced had a 54% higher likelihood of having hypertriglyceridemia (P = 0.025) compared with the balanced pattern. Members of the imbalanced pattern had a 35% higher likelihood of having a blood pressure abnormality (P= 0.027). Other abnormalities were not associated with dietary patterns.
DISCUSSION
We identified three different dietary patterns based on nutrient intake in this large, nationally representative study of elderly Koreans. All three patterns seemed to be based on a traditional Korean diet base because each had high consumption of white rice or other grains, various plant-based foods including high kimchi consumption and low total energy and fat intake. [16] [17] [18] [19] There are unique dietary patterns in every country, which could have different influences on the development of chronic disease. 7 Tortosa et al. 20 found that a Mediterranean diet is inversely associated with the incidence of MetS; however, these results are not generalizable to Koreans because their eating patterns and disease pathogenesis are different.
Other studies have shown that a traditional Korean dietary pattern is associated with a reduced rate of MetS and sarcopenia and specifically a lower incidence of abdominal obesity and IR. 18 A study in adults by Song and Joung 17 found that members of both the "meat and alcohol" and "Korean healthy" patterns had significantly reduced risk of HDL cholesterol abnormalities compared with the "Korean traditional" pattern. The Korean traditional pattern is high in carbohydrate and vegetable intake and low in fat intake. 17 We observed that most elderly South Koreans still maintain a traditional dietary pattern including consumption of vegetables, kimchi, eggs, legumes, and seaweed across all three dietary patterns in this study. This indicates that Western dietary trends have not yet emerged among elderly South Koreans. Although, there is a notion that the traditional Korean diet is healthier than a Westernized diet, our findings and others suggest that the traditional Korean diet may actually be responsible for poor nutritional status in some elderly persons. 8 Changes in family structure and weakened family support systems for the elderly 21 have led to an increased number of elderly persons living alone, and many of them are at high nutritional risk due to lack of dietary intake, poverty, social isolation, limited mobility, tooth loss, chronic diseases, diarrhea or irregular eating. 22 In the present study, the very imbalanced pattern comprised 31% of the study population. This pattern had more than 70% of its percent daily energy intake solely from white rice and kimchi and beverage consumption was higher than in another two patterns.
Interestingly, there was not a significant difference in carbohydrate intake among the three dietary patterns, but the quality of carbohydrates was different. The very imbalanced pattern obtained 80% of their energy from carbohydrates primarily in the form of white rice.
They had excessive grain intake and insufficient consumptions of fruits. Further research is needed to determine whether a high proportion of total energy obtained from carbohydrates is associated with metabolic diseases. It has been suggested that lower carbohydrate consumption has favorable effects on TG as carbohydrates are metabolized into fat. 23 Song et al. 24 studied the diets of 30-to 65-year-olds and reported that there was a positive association between white rice intake and cardiovascular disease risk factors. Other studies had similar results. 25 There are reports that high carbohydrate consumption is associated with obesity and dyslipidemia in adults, including a study in South Korean women. 14, 26, 27 We also found that the balanced dietary pattern was associated with a lower incidence of metabolic risk. The incidence of hypertriglyceridemia was 54% in the very imbalanced diet pattern. Compared with the balanced pattern, the very imbalanced pattern had a significantly increased risk of having TG abnormality and reduced risk of fasting blood glucose abnormality. These findings support the notion that increased white rice consumption and kimchi as a meal can lead to poor nutritional status and malnutrition in the elderly.
Another interesting finding was that protein intake in the very imbalanced group (0.78 g/kg/day) was deficient compared with KDRIs. However, there are several studies suggesting that even 1.0 g/kg/day is not sufficient for the elderly, and they recommend 1.0-1.2 g/kg/day or more. 5, 26, 28 Hannan et al. 29 emphasized the importance of both total and animal protein intake in the elderly. Therefore, elderly Koreans whose diets are traditionally rich in plant foods , and core causes are IR and chronic low-grade inflammatory state.
Research on the relationship between metabolic abnormalities, protein consumption and muscle mass found an association between loss of muscle in the elderly and insufficient protein intake. 5 However, this issue has not been fully studied in elderly Koreans.
Although the traditional Korean diet has many healthy components, we must focus on the elderly with imbalanced and very imbalanced dietary patterns to prepare for a super aging society. One study reported that there are unique features to traditional dietary patterns in Korea but these patterns have undergone some modifications influenced by Western diets. 18 The same study reported that dietary pattern was associated with MetS and body composition. When compared with the traditional Korean pattern, the meat & alcohol pattern was associated with a 50% increased risk of obesity, and the Westernized Korean pattern was associated with a 74% increased risk of sarcopenia. 18 The traditional Korean pattern showed protein deficiency and lower muscle mass than other patterns. 18 High carbohydrate intake in U.S. adults had a beneficial effect with regard to lower rates of obesity but had negative effects with regard to lower HDL cholesterol and higher TG. 30 The strength of the present study was that it is nationally repre- factors. These results need to be confirmed with additional, longitudinal data. Lastly, we could not control for all epigenetic influences; thus, these results need to be confirmed by additional study with longitudinal data to increase generalizability of the results.
In conclusion, we observed that most elderly South Koreans still maintain a traditional dietary pattern, which previously had been considered a healthy diet, but has some unhealthy components.
The current findings indicate that elderly South Koreans may be nutritionally imbalanced due in part to high carbohydrate con- 
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